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Allan Shwedei 
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Indiana Unlveraity 

Readittg ability^ or the lack of it is of major concern lo educators , 
parents, politiclanR, and perhaps inOBt of allj those individuals who 
eKperienca reading difficulties (CarroLl & Chall, 1975; Lubows 1978). In 
an advanced tachnological society where factual knowledge is still conveyed 
primarily via the written medium^ the Inability to read proficiently will 
be a potentially severe handicap both to the individual and to the society 
as a whole. l?ie definition o^^ functional Illiteracy is still being debated 
(Bermuth^ 1975) but it is wld^y accepted that approximateiy 15% of the 
school age popiilatlon in the IMited States has a marked reading problem 
(Carroll a Chall, 1975; Gibson S Levtnp 1975) • While estimates of reading 
disability In some European countries correspond with the data from the 
United States (Jangenj 1972| Ruthmanj 1972), estimates f rom Japm are 
startllngly low/ C>!akttap 1968). Maklta has reported that the rate of read- 
ing dieablllty is less than 1% among the Japanese school age population* 

An explanation for this wide discrepancy in the rate of reading dis- 
ability between Japan and the United States is not Immediately apparent. On 
the one hand, >laklCa (1968) and Gleitman and Rosin (1977) suggest that the 
cross-cultural variability In reading disability rates is due to the differ-" 
enee between the Japaneje and English graphemlc systems. On the other hmd. 
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LaDng (1972) points out that these raading disability differonces may be 
due to sbciologlcal variables such a?i faffiily structure md attitudes tovBtd 
^education* 

The of this study was 'to exglore certain aspects oS cognitive 
fmictloning during reading among skilled readars of a non--alphabetic and 
non-syllabic graph4inlc system^ Ghinese, with the aiTO of providing gome 
preliminary inf ortnation, about the relationship of noc-^alphabetic jraphemic 
aysCents to information processing: tactics used by skilled readers of those 
systeBis, In^ addition^ this study provides data concerning the generallza^ 
bllity of the existing models of Inforination processing during reading whichs 
until now> have been tested^ almost exclusively with readera of English, 

todels of skilled reading can be classified Into two groups on the basis 
of the role posited for phonological recoding during ongoing .reading. Accord- 
ing to advocates of the "phonological recoding" model (Baron, 1977; Conrad, 
1972; Rubenstelnj Lewis, & Rubensteini i973^^jd Shankweiler h Liberman, 
1976), a crucial role dm posited for the use of phonological kn^^^rf^ during 
reading. Phonological knowledge Ideludes a set of rules whereby an individual 
can derive an underlying systematic phonological representation fro© lin-- 
gulstic input. From their perspectiva, a skilled reader la one who la able 
Co eugage in the InfarBi^tlon proceaslng tactic of transforming or recoding 
visually presented graphfehic information into a phonological code. In turtf,' 
this phonologlcally coded information cm then be utilised by the language 
prQceasing system in the same manner as speech input Is processedv 
^ One of the aasimptlons TOderlylng the phonological recoding model is 
that the language processlLng capabilities of humans are tied to th^^uditbry 
aad/or the artlculatory cognitive proceseing systems. As a consequence of 



this neuTol'Dglcal phenoraa-nen > linguistic iTiformatioTi presented visually 
via TO orthographic. syateiB is most affectively processed ^#.©0 the vlBual 
input is first recoded into a phonologieally bssi&d code before the lai^guage 
decoding procass begins CLibenoans Shmkweilar^ Mbernian^ Fowler and FiEchar, 
1977). T\i±B claim for the close and relatiirely fixed relationship between 
the auditory/attlcylation system and hum'an lan^guage processing capabilities 
can be tf the ''phonological dependency hypothesis."' 

In rast to the phbtiologleal recoding mo^del, Goodman (1967) LaBerge 

(1972), LaBerge and Satiuels (1974) and Smith (1971) advocate a "flexible 
decoding" model. They claim tlHat skillad readers have flexible decoding 
capabilitiae so that the stage of phonological recoding cm be bypassed 
under certain conditions. In factj Snith and Goodraan suggest that the 
reading activity is niost efficient when the reader can ipdCn^iEe reliance on 
phon0loglcal trans forniat ions and instead nae a iriore direct tactic of going 
straight from graphecilcally coded informtlon to TCaning. Goodinan (1967) 
also says that initaad cC simply s'torlng accoustlcal Infonnatlon, the skilled 
reader holds ineimlnga of leKlcal iteaia or short phrases In pirlmary memory, 
Tkm the phonological recoding model and the fj^exible decoding model 
differ clearly In terms of the role posited for phonploglcal receding during 
readlngp The phonological recoding model 'assigns the process of phonological 
transformation a central roltt for fluent reading and assuines that pritnary 
memory is used most effectively as a repository for phbnologically coded 
linguistic Information, In contract to the phonological recoding models the 
flexible dacading model assigns phenologlcal recoding a backgrotmd role in 
fluent reading to be activated only when direct decoding from visual Inforira'- 
tion fails and assuisee that prlwaTy memory le most efficiently utilised iby 
atoring meanlnge rather thiai phoneimaa,* ^ ' 



Short-^term retention tasks have been used to examine^ the role of coding 
procesises in reading related actlvitias. Both the phonological recodlng and 
flexible decoding models make clalM regarding the code u^d to TOnintain 



inffarmation In prlffiary mesiory during reading •N^The use of sftort^tem retention 
eKpesriments to test models of reading was predicated on the work of Conrad, 
Badde.leyj and others (see Conradj 1972)* .^eir research demonstratad that 
llnguiBtic material preeented via either the auditory or visual channel was 
held in a phonologtcally coded form In primary memory. Based on^ the two :^ 
store Tnemory models developed by Waugh and NQrman^(1965) , Klntsch and Buschke 
. (1969) utilised a short-term retention task to assess the form of the code 
used to store vlsmally presented linguistic information for short durations; 
l*e*-, less than 60 seconds* While current models of memory (Bjork^ 1975;^ 

Craik a Jacoby^ 1975; ahriffrln, 1975) have tended to blur the rigid notion 

- ^ _ - 

of two separate and distinct storage systems* Cralk and Levy (1976) say that 

the model or at le.ast the equatians derived from the model by Waugh asA,^ 

Noiroan would be applicable to short-term retention tasks which require serial > 

rather than free recall* , - ' ^ - 

In their study , Klntsch and Buschke (1969) fomd that probe recall per-- 
foniance was lower for a list of hoaonyiis as compared to a liit of unrelated 
words but only for those words occurring toward* tha end of the list; i#e,, 
"recent'' items. Mntsch and Buschke assumed that this finding was due to 
interference In primary memory emd they concluded, that ihe visually presented 
items were receded into a phCT^ologlcal form for maintenance 1b the primary 
memory store, . ^ .. 

In contrast to the findings reported by Conrad (1972) and Klntsch and 
Buschke (1969), som^ reBearchers report that graphemic Input can be maintained 
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in primary mamory in a non^phonologlcal form. Under certairw conditions » 
experimenters have found 'that they can wnxlmi^^e the probability that subjects 
will utilise visual or semantic codes to inaintain grEphemic inforBiation in 
primary memory (Kroll, 1975; Shultnan, 1970). Kroll's data indicate that 

imdar axtreine .condition^ subjects can and do uae visually based todes to 

' . ; V \ 

maintain linguistic inforMtionp Along similar lines, Shulman (1^0) found 



that if given explicit instructions and adequate tlTnej subjects will code 
both semantic and phonological inforinatlott in primary memory* 

Bradshaw (1975) has criticized attempts by researchers to generalise 
from the results of short-term retentlD-n tasks to the behavior of fluent 
readers, but his critique is we^ened by Kroll's and Shulmau^s findings. Only 
when the aimllarity between ihort^tera retention tasks and ongoing reading are 
dacreaaed even more than the task in the Kintsch ajid Buschke study? will sub- 
:Jacts attempt to use tactics which bypass the phonological coding of graphemlc 
input* Taken as a whole, the short-term retention studies tend to support 
the phonologtcai recodlng model but the findings from Kroll and Shulman leave 
open the possibility that some readers may engage in flexible decoding tactics 
which bypass the stage of phonological recodlng, 

Wliile Liberman et al* (1977) suggest that phonological recoding enables 
the reader to make use of existing efficient primpry language processes and 
thus leads to fluent reading skills , there Is an alternative eKplanation for 
the wideepread occurrence of phonologicnl recodlng tactics among skilled readers 
(Carroll, 1972| Claltman & Fozlnj 1977)* It may be that skilled readers use 
( pho^ioglcal based codes not so much because they are crucial for f luent read- 
ing ^but^ rather because the orthographic systein of English makes phonological 



racodlng a ral^tivaly efficient process once the basic recodirig rules are 

leatnedi, If chie altarnative explanation were supported, then the presence 

of phonolDglcal reccJ*lng among readers of English could be at(.fibuted to 

* p . ' ■ 

the properties of the English alphabet rather than to limitations Inherent 

in the cognitive processing systerR' stability handle llnguiatlc information. 

Gleitmn md Eozin (1977; Rozln & GleltTnan, 1977) have presented a 

detailed discussion of the inariner in vrhlch various grapheEiic systems represent 

linguistic information and they concluded that In terms of readability, ^ 

English orthography is a convenient system for the skilled reader in large 

part because repre^eentatlonal fdrma in the graphemlc system make contact 

with both the phono^^eflcal' and morphological levels of the spoken language. 

Their analysis of English as a multi^leveled graphemlc system provides a 

possible eKplanatlon for some of the divergent results obtained In the 

reaction time and short-term retention studies reviewed abova (e.g. Conrad ^ 

1972; Kroll, 1975 1 Shulman, t970). Depending on the nature of the experi^' 

mental 'task and on the structure of the stimulus, materials s the graphemic 

system can facilitate or impede phonological recodlng or direct decoding* 

This can be ^called an '"orthographic dependency" hypothealfl* In contrast, to 

the English alphabetic system, Cleitman and tozln claim tha Cor soma non= 



Jalphabe|ic graphemie systems phonological recodlng need not occur during 
raadingt For example , they suggest, without offering any empirical evidence, 
that readers of Chinese do not typically engage in phonological recodlng. 

In parjCj (Sleltman and Rozln base their anal/sis on work done with *\ 
readers of Japanese (Sasanuma snd^ujimura, 1971, aifd^Sasanuma, 1975). Tarn 
Japanese writing system is a non-alphabetic syBtem which combines syllabic 
systems (Katakana and Hlragana) with a morphemographic, or character, 
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syatem.4K6jl) • Studies by Sasanuwa and FujlTnura (1971) with Japanese 
"pafclanta who have guf fared brain dOTage, suggest that the etorq|e and access 

of the Kana end^nji systems differ. According to Sasanuma and Fujlmura, 

^^"^^ ' * 

Japanese readers use phcnological recodirig for the syllabic system^ -Kanas » 

but not for the ffiorphemographlc systeni, Kanjl. As a result of the work of 

Krlckson, Hattlngiy, and Turvey (1977), Sasanuma and Fujitnura's Interpreta- 

t..wu ha^ bean callad into question. Using Kintsch and Buschke's (1969) 

short-tarm retention task^ Erlckson et si* found that neufologically -un- i 

impaired readers of Japanese reeoded mo rpheino graphs (Kanji) into a phono^ 

logical form* Their findings paralleled the results obtained by Kintach 

and Buschke and thus support the claim that phonological recoding plays a 

crucial role influent reading which is not limited to alphabetic graphem^c 

if . ^ 

systems. ^ , * 

V 

While the subjects in the. Erlckson et al* study were using phonological 
recoding tactics ^ the leap from their study to all readers o£ morphemographlc 
systems is unwarranted. Gleitman and. Rozln (1977) point out that the Inter-- 
mingling of the kaaia and kanji scri't^ts results In a graphemlc system which 
bears a surprisingly close resemblance to the multl- leveled English ortho-- 
graphic system* In this case, one would expect to find very siioilar patterns 
of cognitive processing tactics among neurologlcally imlmpalred skilled 
readers of both languages. The crucial test of the role of phortologtcal 
receding in primary memory will come from subjects^who use an exclusively 
morphemograprfic writing systein such as Chinese. 

In a pair of experlMnts which closely parallels the experiment to be 

reported on beloWj Tzeng, Hung^ and Wang (1977) examined the role of phono- 

* _ _ 

logical recoding for readers of Chinese. One of their experiments Incorporat 
ed Wicklegren's (1965) retroaGCive Interference paradigm and the other 



experlroent was a aentence verificotlon task,. On both tasks, they found 
evldenca of phonological interference. These resiilts support the hypothesis 
that even readars of a pure mo rphemo graphic writing system use phonological 
recoding tactics during reading. - . 

While the findings of TEeng et al* are in accord with ethar studies 
which demionstrate that readers engage in phonological receding of written 
material^ they have also used subjects who were skilled readers of English* 
Thus we cannot rule out the possibility that these subjects responded to 
the experimental task deMnds by using cpgnltive proeessing tactics which 
they were using In their dally lives as etudents in the United States. 
Mother limitation of the TEeng et al. study is that they did not eKamine 
the possibility that similar Interference affects would have been found 
along a dlinension of visual slmllaTlty* Perhaps characters are oaintalned 
in primary memory in some multiply coded form md then similarity along any 
of the coded dimensions would affect processing efficiency* TTie goal of 
the research to be described below was to deal with the two issues whlcht 
limit the generaligability of the Tgeng et al. findings ^ i,Q. their failure 
to examine the possibility that 'interference effects^-would also be £ oimd 
for stlmulu| materials which were visually similar* ' 

To provide more data concemlng the predictions derived from the phono*- 
logical r€?ceJing model and the flexible decoding model, the probe recall 
Methodology uucd by Klntsch and Buschke (1969) and Erickson et^al. (1977) 
was adapted for readers of Chinese. 

The following hypotheses were tested In this' study, 

(1) to a probed recall task, the presence of phonological similarity 
among Chinese characters in a list of otherwdsa unrelated characters will 



laadi to a djiCfetBent in.primarr meinory estimates of recall probability 

■ : , . ' 

(Phonological Dependency Hypothesis) « ^ 

(2) Cki E probed recall tac:-., the presence jf orthographic similarity 

Bmong flnineee characters in a list of otherwise imrelated characters will 

lead to a decremerit in prima :y memory cecimates of recall probability 

(Orthographic pependency Hypothesis) * 

iai£ 



This study was a two by three factorial des;??>;i- Factor one was the 
degree of alphabetic kmowledge, high or low, and Ltac^or two was the character 
list type, orthographically similar, ph mologicsllv' similar, or control. 
alphabetic knowledge questionnaire was used tq id.v.itify those subjects who 
had only a limited knowledge of the alpL abetlc p rinciple ^ i^e* the ability to 
represent words by means of symbols which correspond to auditorily non^ 
is datable, phonemic segments. Groups of subjects .were randomly assignee to 
one of the levels of the character list type factor. Statistical analyses 

r ^ ^ - 

were^based on a flxed^effacts model (Kirk, 1969). 
Subjects ^ 

The High ^phabetic foiowledge group '(HAK^^roup) subjecti came from the 
introductory psychqlogy course siiject pool at the Chinese University of 
Uong Kong. Students received course c.£f;dl^ but nonpayment for their parti-- 
clpatlon in this study. All 30 nutijects ^^e/e native speakers of Cantonese 
who were proficient at reading 'nnh English and ^Inese. Subjects in the, 
Low Alphabetic itoowledge grour (TjAK-^group) were all workers, only one el 
whom had ?iore^ than a primary Jh:hool lavel of Jformal education,. The LAK ^ . ^ 
aubjects were also native spf^aiers or Cantonese. A total of 6j workers from 
two sites participated in thti tastin,^: sessions but the data to be reported 
came from only 15 subjects* 'V'^'T T"'"'^. ' - . 

Data were HfacArded fci r.he following reasons i (1) non-native speakers 



/ - 

of CanUoiiesc 13 workers; (2) knowi0^ge of an alphabetic writing svstem — 
17 wbrkers;, (3) teat Infltruetion^^ rnlRimdersraod ---^ 4 wnrkors; (4) equipmont 
failure 3 workerB'; (5) su^ected cheocing ~ 2 workcro ; (6) fnllura to 
get any correct responses^/^^ 3 worKers; and (7) test list characters unknown 
1 worker. To create equal cell sizeB, data from thxee woTkers in ^he ortho-' 
'graphically similar character list condition were- riinuDrjy discarded. All 61 
workere were paid for their participation in .the study. It is nssOTed that 
the 15 LAK-grpup subjects could read Chinese sin^e none of the subjects report 
ed any difficulty filling out the alphabetic knowledge questionnaire. Hgwever 
given the limited extent of their formal education , it is questionable if 
these subjects could be corieldered to be fluent readers of dhineae. No formal 
aase'ssment of reading ability was done. Table 1 gives a bre^down. of the 
subjects by age, sex, and educational background, » 



INSERT TABLE 1 ABOUT HERE 



Materials . . ^ 

Three different stimulus listSj each containing 16 individual Chinese 
characters^ were developed.: The^ lists differed alfcng two dimensions, surface 
phonetic "stimllarity and orthographic similarity. The High Phonolo^cal^ . 
Similarity List contained eight pairs of single iharacter. noims which were 
homonyms with only ' miniiml orthographic'similarity among the characters, 
The High Ortographlc Similarity List contained eight pairs of single charac-* 
tar nauns whicK were geometrically aimllaT with only minimal phonologiCAl 
aimilarity among 'the characters* The third iiet was a Control list ir^ which 
both phonological and orthographic similarity were miniihi^ed* Appendix A 
contains. the three list of test characters along with their phonetic tran-=^ 
scriptlonsi and English equivalents , In addlt'lon, to the tbres tMt, lists , 
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Table 1 



Dfmographic Data for Mphabetlc ^owledge Groups- by 
. Character List ^pe Condltion| 



Alphabstie 

^owladge 

Group 



* ^ Level of Formal Education 

Charactar Sex Primary Ittddle 

[ List Type Male Female. Age School Sdiool University 



High 



Low' 



Orthographically 

Similar 4 



PhDnologically 
Similar 



Control 



V 



Or th pgr aph 1 c al ly 

Similar 3 

. 'Similar 



Contfor 



6 20. 6' 0 
(19-21) 



3 ,19,7 



(18-21) 
(18-22) 



2 40.2 
(21-59) 



2 20.6'^ 

---^^j7-22) 

4' 27.8 
' (18-49) 



10 



10 



10 



0 



°Mean f 



Range in\|!arenthesefl^,'. 
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three practice lists were created T Commonly appearing characters were 
» selected snd phonological and orthographic siTnilarity were minimized in 
each practice liet. * - * ' ^ 

Phonological^ similarity was operatlonaliied by matching pairs of ' ■ 

characters jfh terms of "Cteir phonological representations including tone. ^ 
Only^paira of homonyms were chosen ^ consequently the phonelogically 
similar characters were in fact phonemically identical* - . 

Orthographic similarity was operationali^ed by separating the characters 
into two components, the radical which is often oA the left hand side or top 
of I the character, said the phonetic which is of ten on%^|^right *hand side pr 
bottom. - Selected characters (1) were identical in terms of the radical and 
(2) differed by three or leas in the total number of strokes in the phonetic 
component. Within these constraints, the experjmienter then subjectively 
chose. ttioae pairs of characters whifih" were felt to be the most visually 
con^usable^. For example, given three characters which met _t he. Jirs t ^two 
requirements f or orthbgraphic sindlarity , 'such aap^ iP^f , and ppv^ , 
was rejected while., andPfc. were selected as potential stimulus items. 

No studies have been done to dejt^^ine empirically 'the 'visual coftf usability 
mong sets of Chinese characters^ therefq^e it is impossible to determine 

the degree to which this relatively mechanistic selection procedure resulted 

" ■ " / ^ " ■ ^ ^ . 

in the creation of a list of orthographlcaily similar pairs of characters. 

xhp 48 test characters were selected from a group of apptoximately , 175 

charactirs on the*basls of famlli'arity ratinglStiade by jtudents at the ^ 

' "Chinese diversity of Hong Kong, Ratings on the fdnal set of 48" test items 

were obtJbLned from an additional grAup of 10 university students. A repeated 

M ^ A ' ■ ^ '\ ^ ' ^ ' ■ ^ ^■ 

measures analysis of variance Indicacfed that there was no significant 



^ ■ '13 

differtence^belWaen cfiarncter list type on the baais of the familiarity 
ratings, F<18p2) * .103,£>.0S. FamM-iarity ratings were-mlso obtained 
from the LAK'-grsup gubjjicta after* they CDihpljete^ the short-term retenslon « 
task, , Once again ^ th^re was no elgnllkcant/^Sarence in familiarity rating 
among character llit tx^er, r(2,28^ *^435,£? ,05,. / - 



For eaph charaeter list type,;.W lists ^ one for each trial, were creat'ed* 
On the basis of^'restrictlons derived frdm Eriekson et al, . (1977), each trial 
list contained 16 rimdoiDly ordereil characters. The restrictions on character 
order* were as follows: / / ^ ^ ' 

(1) Oii]d.lar characters could nevaar directly follow one another within 
, a list, - 

(2;) A character could serve as the probe or the target item no more 
\ thffl:! twice but each character was u^d ih each Vole at least once, 
^ (3) The; target characters appeared In certain specific positions 

' ^t^bii^ In posijtieo #3, #5* and #7 twice each, 



in positions H and 7/6 once eochp^ and. in posl^ion^ //II, #13, an^^^ 



#15 four t^^s each, 

(4) The distOTCe between the similar character and the target character 
were also controlled,,^y^ locating the similar Itfem either 6 or 7, 

. or 2 ^or 3 positions away from the target items with h of the 

trials at each separation distance^ ' . * 

(5) The relative locations of the target character and the slmiiar 
charicter were varied between trials such that^r % of the trials ^ 
one would come before the other 'and on the other % of the trials 
the order was reversed* ! . . 

The test characters were printed on boldface type. C^^f^ i^fJ^. ) mtj^- 
then- 35 tnm transparencies were made of each individual character. The test 



lists "we brlglnally preacnted via a Kodak elide projector with each 
character appearing for 1,5 seconds and a 1.5 gecdnd inCar-stimulus interval. 
nOna and a half seconds after the last character appeared , an undlerlined 
probe character appeared* To ensure standardization of the presentation 
between groups ^ the trials Mere pre*-rmeorded on a reel-to-'reel videotape 
system. . - ; . , \ " 

Procisdures 

testing %iDB tione by two natlva speakers of Can toriese who were 
trained by the yKperimenter. Wie testing session lasted approxiTOately 'one 
hour but testipg conditions varied slightly between testing sites, the 
GrDup and 3 LAK-^Group subjects wer^: tested at the Univetslty while the 
remaining 12 L^-Group subjects were tested in an offici at a local factory. 
The variability betwefen testing sitfts had no obvious effect on task perform- 
ance; ' . , 

Instruction^., pointed in Chinese , were hinded out and read aloud in 
Cantonifese to the. subjects, T^rt^atinE seaaion^ongtAtfed of three practicf. 
trials followed by 20 test trials. Jor each triable Single characters were 
praeentfed at the rate of one every 3 seconds. Followin'g the last charactar, 
a "pHfobe" character was preefentedi Subjects were Instructed to write down . 
the character ^which had f ollowed<^the "probe" character In the test list/ 
Thusp if the "probe" thajaeter had appeared in positl^on 11^ subjects were 
to write down the chriracter which had appeared in position 12* 

All scoring was done by the eKperimenter, Alternative forms of 



rnative jforms of a 
:ten characters we ye 



cha;racter were' scored a^ correct but incorrectly writt 

scored as errors. Tlie only incorrectly written char4fite^a, |j^re f-r ntn rht^ 
lAK--groups Capproximately 5% qf their responses). 
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Kie data from this study were analysed to provide Ihfbmation about 
primmry meiaory aodlng tactics used by readers of Chinese, Specif icallyp 
the data were analy^ad for evidence of performance deflclenclM In terfes 
of the nui^er of correctly recalled characters ^ror-each of the character 
list treatMs^^ltipupi , i.e. High Phonological Similarity Oiaracter List 
group an^ High Orthographic Slffillarlty Character List group, relative to 
the Control Character List group. Lower recall rates for Items appearing 
toward the end of the test lists> 1,©. "recent" 'items ^ for either of the 
treatment lists as compared to the contrnl list would be interpreted as 
evfdeT^arf^ capacity overload or interferenct effects in primary memory* 
It is asBumad that these effects would be d^ to, thfi similarity among thm 
coded stimulus IteM being maintained in primary ^mory during the reten- 
tion itttervai* / ^ ' 



INSEM T^LE 2 ABOUT HIRE 



Given the confounding of alphabetic^ knowledge with . educational level 
such that the^ High Alphabetic Knowledge group (BAK-group) was .also more 
Kighly^educ^ed-than the Low Alphabetic group (LAK-group) , ' the data were 
initially analyzed to dettfraine if overall performatiqe was equivalent^between 

alphabetic knowledge groups . Total correct by alphabetic knowlidge 
group and character list type are shown in Table 2* A two by three analysis, ' 
of varimce Indicated that ther^ were significant differerices for alphrtetic 
^knowledge group; FCl, 39) - 4*£g, j^>.OJ^* and character list type, F (2, 39) ^ V 
7. 11, £ > ,01, but no si^if leant alphabetic knowledge by list typa^'interaction , 
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■' . ■ ■ . Table' 2 ■ . 

Means and Standard Devlationfl of Total Correct for 
the Alphabetic Knowledge Groups by 
the Thrae Character List Type ConditionB 



Alphabetic ajowledge ■Group. 



Characteir list ^pe 



High* 



Orthographlcaliy Siniiar 



Phonologically Sl»llar 



Control 



7.80 
(2.09)^ 



4.70 
(2.31) 



8.40 
Ca. 34) 



3.80 
(2.16) 



3.40 
(2.19) 



8.00 
(5.09) 



*N- 10 per cell 

S per cell 
Stmdard Deviations In pareptheees 



ERIC' 
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£(2,39) 1. 38, 4 05*, As a coiiaaqyenee of this signlJi cant difference 

in reeali parfoTOaiica fee^^n alphabefiic kne^ledge groups sueh that Tim 

subjects 'recalled eignlficantly moire eharacters thm LAK subjects , the 

character list type effects wra aaialyzei aepaTately for each alphabetic 

knowledge group* A breakdo™ of total cDrrect by recall at "recent" 

. ' ' - ' ' ' \ . . - . " 

position^, l.g, target positions 11 ^ 13| aad 15 and average recall at 

"early" pasiti©na,l*e. tartet positions 3^ 4, 5, 6/ and 7^, is given in 

Tdble 3 for each alphabetic knowledge group and character list type* 



mslHT TAB^ 3 ABOOT HERE 



following the procedures used by ,Klntsch fflnd Buschke . (1969) , a -one-^ 

way ajaalysis^ variance was dona for the secondary men^ry estimate by ^ 
^ ' . V = ' ^ ^ 

charactar list r type to ensure that the secondary jnemory contribution to^ 
■ * . ^ ' ^- ■ ^' ' ' ' . ' " ' ' ' ' ' . ' 

recall for "^redfent" Items was equivalent between character list type groups* 

/ She secondary memory estimate is trftea to be the proportion correct averaged 
over' the ''early" positions in the test list. For the HAK subjects, there 
was ntf significant differences In secondary memory estimates among* the 
character list groups, ^(2;27) 1,6.7., .£>.05, : However, fof the LAK 
* subjects the differences among secondary memory estimates approaehed statljs-- 
tlcal significance, r(2, 12) - 3,66, £ -^057. On the basis ol this finding, 
the data from the LAK-- groups weWe a^o analyzed using W^gh and^ N^^ 
(1965) unbiased primary memory estimate which partials put the effects ^f 

^ -^^ . \ ^ ^ ' ^ . . ^ ^ ^ / ^: \ • ■ ' ^ ■ 

secorfd^y, memory on recall- probability for. the LA^-groups, Table 4 contalns^ 
' th» , uablaised prlnary ineraory estimates fit the LAK-fgroups^ 



• ' . INSIST TABLE 4 ABOUT HERE ' 
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Table 3 



Mews and Standard Devlatiptfs of Raw Score Proportion 
Correct at "larly'V and. "RecOT^ Targfet Positions 
for Alphabetic Knowledge by Charaeter List lype ' 













■ ■■ ■ 




Correct 


Rficall by Ti 


ira^t Poaltlon 




^ Alpha-- > 
betia . 
Knpwl^ 

edge Character 
Group List Typfr 


"Early'* 
Positions 
Aye rage® 


11 




■ 

15 


"Rficeat,!! 
foiitipns 
Average 


High :/ '/ 












Or thogr aphlaal ly 

* ■ SlmlJar 

f 

Phonologlca^ly 
Similar 


.350 


* .267. 
(.158) 


.425 
(.265) 


.625 
(.177) 


.439 
(.120) 


.190 
(.120) 


. .200 
(.158) 


.225 
(.219) 


.400 
(.337) 


-.275 
(..142) 


Control % 


.310 
(.223) 


.325 . 
(.237) 


.475 

(.275) 


.675 
(,265) 


.492 
(.224) 


jLow 












Ort ho graphically , 
Similar 


■ .100 
(.173) 


350 

(.185) 


.150* 
(.224) 


;300 
•C.274). 


.267 

(.160);^ ^ ^ 


Vri ^ Phonologleally 
^ \ \ similar 


.100 

(.07lj 


.100 
(.137) 


' .200 
(.209) 


.300 
^274) 


.200 
(.126) 


-1^1 ^ Control 


.380 
(.268) 

1 


. 350 

(.285)^ ' ' 


. .500 
<.395) 


.450 
(.326) 


.443 
(.273), 



"larly" Positions Avarsge « Proportion correctly recalled aver^agad over 
iargst positions 3, 4, 5*-6 and 7,.v \ ' ' ^ 



itefcarit" Posltlbns Average ^ Proportion correctly rfeealled. averaged ovar 
target positions H, 13, and 15. - " . 



Standard Deviations In parenthases* 



Table h 

Haang and Standard Deviations of Unbiased" Primary 

MiTOry Eitimatea at Threa Target P6al*tioM 
^ by Character iist Type for Low Alphabetic 
^ Knowledge Groups 



Oiaraeter 



Unblasad Egtlmateg of RGcall Probability 
- Average 



List Typa \ 

\ 

\ ■ 




_ 11 13 ' 


15 


Uiblased Estlinate 


■ ^ \- 

Orthographleally \ 
Slid^lar 




" ,278 .056^^ 
(.317)- (.248^ 


.222 
^04) 


,185 . 
<.178) ^ 


Phonologically 
Slsdlar 


{ 


.000. .ill 
(*151) (.232) 


.222 
(.304) 


. . ' ,.111 

'■ C.140) / 


Cpncrol 




-.048 .194 . 
(.460)s (.638) 


.113 
(.526) 


' . .086 • ( 
" (.440) . \ 


Average Primary llrtnory Unbiasmd Estlmata 
at target positions 11/ 13, and 15*. 


= avar 


age of tmblaBed eBtimatas 



Standard Deviations are in parentaeses. 



Reguitg f . 

Evidence of phonological interference ef f ects^ (Hypothesli 1) was found 
^uslng Dunnett's test for planned non-orthogonal coroparigoni* toon g .the HAK- 
groups raw score primaj^ memory astimatei were significantly lower for the 
High Phonologiaal Similarity Chsract'er List as qompared to the Control 
Character List, |^|te,27>-^ 3,60, ^^*01. Frina^ memo^ recall probability 
aTOng the tAK subjeets did not differ significantly between the High Phono- 
logical Similarity Qiaraeter liiat and the Control List for'^elther t^ raw 
score estimatep | tD|(2,12) « 1,79^ £>,05, or the unbiased eatlmate, | tD| 
(2^12) s 0*l4j j^>,05* ThuB evidence bf phonolojlcal Interference In 
P^ftpary memory was observed among highly educated readers of Chinese, the 



HAK subjects, but not among the i^n'S^ally educated readers, the LAK gubjects»' 

^The comparlyn between the Hl^ Orthographic Similarity Oiaracter List 
md the Control ^aracter List ^tising Ptmnett's test for evidence regarding 
visual interference effects (Hypothesis 2). revealed that^ there were no ^ 
significant differences fn terM of raw score priiaary memory estimates £43^^ 
either the H^groups, |;^|(2,27) ^ 0.87, j^>*05, or for LAK^groups^ | tD |' 
(2,12) * 1.34, £>,.05* /Similarly, ^e use of/ miblased ^estimates o| prlmlTry 
memory recall probability for the L^ subjects did not reveal any slgniflcmt 
differences between the High Orthegraphle Similarity List and the Control 
List,j|;W (2,12) -^ 0.54, £>,05, ^ese results indlcate^ t no^ / 

evidence for visual Interference effects among Either of the Vlphab^tlc 
toowledge groups. - . 
Discussion ' ' / : r.". 



ithesls. one, which predicted Interference effects on the probe recall 
ta^k for the phono logic ally similar charaetervllst , wai supported bf the 



pCTformffiae of the High Alphabetic aiowledge flubjecta. This result is one 
' whlah would have been expected on the basis of phonological recodlng models 
of reading (Conrad , 1972 1 Rubehsteln et al.^ 1973 i Shankwaller ^ Ubermmi 
1976). The performance of the HAK-groupa also paralleled the findings of 
other researchers who have used non-alj^habetic'stimuls materials -(Erick^ 
et alp J 1977; Tzeng et al., 1977) • Evidence of phonological recodlng ^ 
tactics among readers of Chinese providiis cross-cultural support for the 
phonological reeodlng model and indirect support for Che "phonological 
dependency" hypothesis of language processing capacity* 

Kypothrtis two predlctied Interference effects on the *probe recall task 
tot the list of orthographlcally similar eharacters relative to the control 
list. The data provide no support for this hypothesis since there were no 
significant differences ainong— the E^^groups In terms of recall performance 
on the High Orthographic Similarity List as compared to the Control List* 
Without '"evidence of interference 'effects due to orthographic similarity , the 
data from this study provide no support for the flexible decoding model 
(Goodman, 1967^ LaBerge, 1972| Smith, 1971). ,i , 

The findings regarding Hypothesis two are also relevant to quest^ions 
about the validity of the '''•orthographic dependency" hypothesis. Graphemlc 
reeodlng tactics were not observed; among the subjects who participate4 in ; 
this experlmenti consequently the prediction that users of a roorphemographlc 
system would use non-phonolqglcal reeodlng taGtlce was not supported. While 
the Inability to reject the null version of Hypothesis two Mnnot be used ' 
to infer- that thef e -is no causal relatlonahlp between graphemic structure : , 
and information proceaslng tactics, neverthelefis , there is a convergence of- 

■ •• ' :-\ ' ■ • ' ' : \ : . ■ ■ 

non*-slgnlflcTOt -grapheplc interference effects among studlas of readers of ' 



alphabetic , and non«alphabetlc orthographl 1972; Klntsch & 

Buschkep 1969| ErickBoii et al.V 1977)^, convergence of non-significant 

results casts doubt on the validity of the "Orthographic dependency" 
hypothesis, 

. ■ , . ' . -. . , . . " 

While the performiinie of the tlAK-group conformed to; the predictions \' 

derived from, the phonological decoding model, the performance of the LAK^ 
group did not correspond to the predictions from rtthM phonological 
recodlng or fleKlble decoding mdel* Even af tar controlling for differences ^ 
In estimates of secondary memory^ recall probability, thefe was.. still no. 
evidence of treatment related Interference effects in prlraMy^ memory among 
the LAK-groups, * ^ ^ ^ ^ ^ 

Hia absence of significant treatment, effects among the I^^groups may 
be eKplalned with reference to a potential corifoundfiig variable, the reading 
ability of the subjects In the LM-groupSj since the inforrattloa processing 
models described In the study only claim t© , account for the performnce of / 
^ ^klUed readme. It Is assumed that tactics used by beginning readers may 
vaxy considerably frbm the ^tactics which' have been, acquired by the skilled * 
reader. If the LAK subjects ^^e n readers of (^nese, then^ thW^s^ 

is no reason to eKpect that either the phonological recoying or the flexible- 
deeoilng model could be used to predict the performance of the LA^^ on 
this probe recall task. While there was' no independent Assessment of 
reading ability* the overall lo^er recall pe^^ • ^ 

relative to the ^K-group could be interpreted as evi^ience of reading' 
deficiencies among, some of the LAK tfub In this case | the absence of 

slgnlf leant treatment effects hM^ no direct bearing on the, predictions ' ' • % 

^ "' I ■ ■' ^ • ' ' ' " = . - " ■ ■ ''■ 

derived from either, model, < ^ - - , = 



In genarai, the data from this probe recall eKperlinent- uphold the claim 
derived from the phonological reeoding model thi^t skilled readers of^ ' 
^'Qiinese ^ill ^se phonological recoding tacticB to maintain informtioii rin. / -= 
primary memory diirlng reading related aetivitiea* However j '^he strength 
of this conclusion is eomewhat moderated by cert Jin metKodologlcal ' ■ 
diffieultiest ; [ - 

The major factors limiting the interpretability and generaligability 
of the findings from this study were the size ^nd composition of the JLAK* 
group* Contrary to the intended goal of creating two groups of skilled^ ' 
readers -of Qiinese'who differed only in terms of their relative djegree of 
T^alphabetie knowledge, the members of the L^-group differed eonsCftirably ^ 
from members of the/HAK--group in terms of educational background, oecupatioii, 
and probably reading pbilit^. . The sample si^e of thV lAKtSTOup can be ^ 
corrected eas3tiy in future studies. In contrast, to problems, of sattple siie^ 
the failure to locate a highly educated group of skilled readers of Chinkse 
who knew no English m#y rwit have been Hue to sam^fing error and thus not so 
easily rectified,. In a modem urbanised enviroiiWent like Hong Kong-, know— 
4edge of English or some other foreipi language may be a prerequisite for 
securing an advanced level of iducatibn. Future studies shbuld search for 
the appropriate HAK and LAK groups among lesd urbanized speakers of Chinese, 

A weakness related to differences in .educational background was that - 
reading ability was not assessed. As a result , there was no way to determine ^ 
if the absence of primary memory interference effects among the LAK""grbups 
was due to jreading/ deficiencies or to the use of novel decoSing tactics t v 
among the LAK subjects* ^This pro^bjem, can be oyercom in future studies by 
incorporating tests of rfesding ability to screen out poor readers* . : • - . 



* ^ ni| nature^ of: the stimulus matarlals also llmltfed soma bf coflclu- 

sl^os ^«^h eould 'tle draim from this, study, ^ In a probe recall paik, 
information processing tactics are Inferred from Recall dlfferEnees bepieen 

♦ . the^ contr^liit and the treatment lists.. If obse^ed, lower rec^l on 

the treatment list is assumed to be due to interference' In primary meroory ' ' 
caused by the similarkty among, the co^ed J^orms of ^ the Itema In the treat- % 
meat list whidi overloade th^^bject *^pripa^ memo^ maintenance c;Rpaclty. 
Ihe yoked characters on the HlghlPEono liit were homo- 

phonic but the yoked characters*tan the High Orthographic SlmliarlCy 
Character list were^not homographic* PerhapSst^e absence of significant ' 
Interference effects for the High Ofthographic Similarity^ Ch 
^was due to the use characters which were not aufficiently si^^ along 
a visual dlmisnsion t© overload primary^membry maihtenafice ^^^ tn * * 

tarms of visua similarity, this stWy suffers from Shortcoming which Is 
. ^stf^ldent in^the EricWgon^ al, stirf^ l*e, the de|rte\©t visual/ i 
::_findlarity among orthographlcal^-similar characters was not adequataly 
assessed. In future. ^u^ie^,;^^^^ bhould be selected on the basis 6£ 

visual and phonological, confusitllity estimates which have been empirically' 
^determined by methods such^ as those used by Thomasson (im) or Conrad* (1972) 
Implications for Further Research ^ * • 

The evidence of phonological in terfertnce effects in primary memory . . 
obtained in this study md the similar findings obtained by $Mng et al, 
. (197?) leads one .to conclude that linguistic Inforriition from Chinese 
' characters is. maintained In primary^ memory at least W:part by means ;pf 

phonologlcally based cdde,sv However, It has beift claimed that the Oilnese . 
grapheinic aystem does psovlde some degree- of regular phonological Information 
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in as many as 90% of the chnrncters (French, 1976). .Of the grnpheinlc 

systems in .current use, Chinese may be the least analytic in terma of the 
I 

'phonological information reprasentad in the characters, but neverthaless 
the characters may provide enough phonological information so that phono- 
logical racoding la an efficient tactic to use during reading* Thus, the 
question still remains: Do skilled readers of Qiinese engage in phono- 
logical recoding because the. system provides that information or is It that 
phonological information is incarporated into the orthographic system 
bacauae readers are neurologicelly predisposed to phonologically based 
processing of linguistic information? Perhaps the best way to investigate 
this question, for readers of Chinese » would be to look for evidence of 
phonological J visual, or semantic coding tactics among beglnni^ 
In addition, reading research with kinase children may provide IraportanC 
Information concerning the relationship between grophamic structure and 
the information prQceasing demands faced by the beginning reader* 
Conclusions 

In general the results from this probe recall experiment contribute to 
^the growing body of cross-cultural research which demonstrates that skilled 
reaofers will use phonological, recoding tactics in reading related activities* 
At the same time, this study offers no evidence that the Chinese subjects 
were engaging in visual recoding tactics. Thus, the cross'-cultural appli- 
cability of the phonological recoding model has been supported by this study. 

The avidence of ^phonological interference in primal^ memory among 
skilled readers of Chinese suggests that phonological recoding is a reading 
tactic whicli ris closely tlad to the human capacity to process speech input. 
The similarity among readers of Chinese,' Japanese and^ English in terms of 

27 
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the Information processing tncticfi usee] to inain^ niri inforniation during 
the probe recall task suggests that graphemic structure plays little if 
any role in the reading tactics used by skilled readers. Thus the existing 
data tend to offer support for the "phonological dependency*- hypothesis 
rather than for the '^orthographic dependency" hypothesis as. an explanation 
for the prevalence of phonological recodlng among skilled readers * 

T^e results from this study indicate^ that cross-cultural research 
using non-alphabetic graphemic systems can provide a useful means for test^ 
Ing predictidns derived from inforaation processing models of reading* From 
a methodological perspective cross-cultural research poses both concepcual 
and logistic, difficulties but carefully designed studies can add a useful 
dlMenalQn.-tCL45Eyxholagical^^^i^ 

basic research with readers of non-^alphabetic ' sraphemic systems will lead 
to the development. of effective reading program for users of all types of 
graphemic syscems. / 
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High Phonqloglcal Similarity List Characters 
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Cantonese Equivalent 
PronuR-' English 
ciat ion - NQun(s) 



l(a 



)>4 J 



6u 



Cantonese Equivalent 
Pronun- English 
elation Noun(s ) 



oil 



5(a) nAn dsuk 



gruel; 
congee 



K 



j^u^. post office 5Cb) dzuk' candle 



•^1 



wa 



language .6(a) 




dzoeg worHer ; 

mechanio 



2(b) J^r^- wa' 




picture 6(b) ^TO- ^ dzoeg elephant^ 



3(a) 



f4 



series; 

rank 7 



(a,, 



Jirj appearance 




3(b) Id* ■ hole; nest 7(b). ji^ 



military post; 
camp 



4(a) ^1 




sik^ 



form; 
pattern 



8(a) 



tou 



plan ; chart ; 
map 




4(b) . H-i^ sik 



color 8(b) 



4 

tou peach 
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33 



ERIC 



Cantonese Equl^valent 
Pronun- Engrish . 
Olaf Ion Nouys) 



Cantonase Equivalent 
Pronun- English 
aiat ion NQunCs^) 



^^^^ ^ pearls 5(a) Jj^ loey- travelers 





1(b) X^K bal_I; sphere .5(b 

round; gem 



dzuk class; tribe 



2(a) |Jt^ Joeg^ - male; sun ,6Ca) $|^J - tug^ copper 




2(b) h-hi han 



limit; 6Cb). m\n\ 



boundary 



3(a) 



end; death ^7C 



^5 1^ 



mln odtton 



^^^^ jfttr ' P^P®^ ^^^^ TJ-b swen- ' stick 



4(a) ^^^g gW3 fruit 8(a) 



g 

hak visitor 



_ g * - 

4(b) mak grave 8(b) 




gun ^ officer 
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Cantonese'' Equivalent 
Pronun- English 
elation , Noun ( s ) 



Cantonese Equivalent 
Pronun-- English 
elation Noun(s ) 



bag 



5Ca) 



vv^n clquds 



provisions ; 5Cb) 




auturnn 



2(a) fei^ vagabond ^^^^ 



lake 




2(b) Ji 



chair ■ 6(b) 



9 



covered box 



3(a) hug^ ^ boar 



6 



wpl • seat, throne 



3(b) bi^2 



cake 



7(b) 



Pi ha« 



=leisure 




4(a) tlSS dayn brick 



8(a)^ gal^ steps 



4(b) 5^ k^'n' 



lutf ; 
organ 



8(b) 



ark; boat 
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